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Abstract
 .The heat-stable enterotoxin STa produced by Escherichia coli has been found to increase rapidly two potential
intracellular signals, inositol triphosphate and cytosolic free calcium in a human colonic cell line, COLO 205. Addition of
w 3 x w3 xSTa to COLO 205 cells prelabelled with myo- 2- H inositol resulted in a rapid rise of H inositol triphosphate. Using
fluorescent indicator, Fura-2AM, intracellular free Ca2q has been found to increase 5.12-fold compared to control.
Suspension of cells in calcium-free buffer demonstrated STa-induced rapid rise of cytosolic Ca2q. The same result was
found when extracellular calcium was chelated with EGTA. This effect was not observed with cells that were pretreated
with dantrolene which suggest that the intracellular calcium rise might be due to mobilization from intracellular stores. This
study demonstrated for the first time a change in cytosolic calcium in cultured human colonic cells by STa, which is
accompanied by inositol triphosphate activation. q 1998 Elsevier Science B.V. All rights reserved.
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Enterotoxigenic Escherichia coli is an important
primary etiologic agent that causes infectious diar-
w xrhoea 1 . The bacteria produces a 18–19 amino acid
w xcontaining heat-stable toxin 2 , which exerts intesti-
w xnal secretion by binding to specific receptors 3,4
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sa lt so lu tio n ; E G T A , e th y le n e g ly c o l-b is b -
. X Xaminoethylether N, N, N , N -tetraacetic acid; PMSF, phenyl-
w 2q xmethylsulfonylfluoride; DMSO, dimethylsulfoxide; Ca ,i
intracellular free calcium ion concentration; TCA, trichloroacetic
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and alters intracellular cyclic guanosine 3X,5X
 .monophosphate cyclic GMP by activating particu-
w xlate guanylyl cyclase 5,6 . Apart from cyclic GMP,
 .heat-stable enterotoxin STa induces signalling
w xthrough other second messengers 7,8 . In this re-
spect, calcium plays a pivotal role. It has been noted
that most, if not all, of the studies showing rise of
w 2qxCa have been restricted to the enterocytes ofi
w xanimals 9,10 . On the other hand, in T84 human
colonic carcinoma cells, although STa binds and
w xaccumulates intracellular cyclic GMP 11,12 , no ele-
w 2qx w xvation of Ca 13 had been found. Earlier, wei
have documented that STa binds and raises cyclic
w xGMP in COLO 205 human colonic cells 14 . In the
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w3 xFig. 1. Effect of STa on the changes in H inositol phosphates in COLO 205 cells as a function of time. Data represents mean"S.E.M.
 .ns3 .
present communication, we have shown that follow-
ing STa stimulation, rise of intracellular free calcium
w 2qx .  .Ca with activation of inositol triphosphate IPi 3
occurs in COLO 205 cultured human colonic cells.
STa was purified to homogeneity as described
w xearlier 14 . COLO 205 cells obtained from American
Type Culture Collection, Rockville, USA, were rou-
tinely cultured in RPMI-1640 media supplemented
with 10% FCS in a humidified 5% CO atmosphere2
at 378C. Confluent monolayers were scrapped gently
just before each assay and the viability was checked
by trypan blue exclusion. For examination of changes
in inositol phosphate levels, COLO 205 cells were
w 3 xradiolabelled with 10 mCirml of myo- 2- H inositol
 .80–100 Cirmmol in inositol-free RPMI-1640 me-
dia supplemented with 5% FCS overnight. Adhered
cells were removed and resuspended in extracellular
 .medium containing 25 mM HEPES pH 7.4 120 mM
NaCl, 5.4 mM KCl, 0.8 mM MgCl , 1 mM CaCl , 52 2
 .mM NaHCO and 5.5 mM glucose. STa 5 nM was3
 6 .added to the cells ;2=10 rml at 378C in a
shaking water bath and the reactions were terminated
at different time intervals by adding 0.5 ml of ice-cold
10% TCA. Cells were then homogenized followed by
centrifugation at 3000=g for 20 min at 48C. The
resulting supernatants were finally passed through
 .AG 1-X8 formate form, 200–400 mesh , an anion
w xexchanger column as described by Marc et al. 15 .
w3 xAs shown in Fig. 1, the initial rates of H IP2
w3 xbreakdown and H IP formation was similar. But,3
w3 xwith the addition of STa, the H IP content of the3
w3 xcells was raised rapidly than that of H IP break-1
w3 xdown and H IP , became maximal at 50 s and then2
down-regulated towards basal level. After 50 s, the
w3 x w3 xH IP and H IP content were raised which re-1 2
 .mained higher even up to 3 min data not shown .
w 2q xFig. 2. Effect of different doses of STa on Ca in COLO 205i
 .cells. Data represents mean"S.E.M. ns3 .
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w 2q xFig. 3. Time course of the effect of STa on Ca in COLO 205i
cells in the presence of 1 mM CaCl in the extracellular environ-2
ment.
w3 xThe secondary rise of H IP after 50 s indicate that2
the change could be due to direct breakdown of
phosphatidylinositol 4 PO to IP or resynthesis due4 2
to degradation of IP .3
In addition to the production of IP , the role of3
STa in changes of cytosolic Ca2q has been investi-
w 2qxgated. Ca was measured using fura-2 fluores-i
w xcence 16 . Adhered cells were washed with
 .calcium-free HBSS pH 7.4 , followed by incubation
with 10 mM fura-2AM and incubated for 1 h at 378C
w xwith constant and gentle shaking in dark 17 . Ad-
hered cells were removed and washed thrice in
2q  .Ca -free HBSS pH 7.4 and finally suspended in
the same buffer to a concentration of ;2=106
cellsrml supplemented with 1 mM CaCl . The cells2
were finally transferred into quartz cuvette and STa
 .5 nM was directly added into the cell suspension.
The fluorescence of the stirred cell suspension at
378C was monitored in a Hitachi fluorescence
 .spectrophotometer model 3010 , with excitation at
 . 340 nm slit 5 nm and emission at 490 nm slit 5
.  .  .nm . Maximum F and minimum F fluores-max min
cence were obtained by additions of 100 ml of 0.1%
Triton X-100 and 100 ml of 20 mM MnCl , respec-2
w 2qxtively. The Ca was then obtained using the for-i
w 2qx  .  . w xmula: Ca s224 FyF r F yF 16 . Asi min max
w 2qxshown in Fig. 2, with additions of STa, the Ca i
raised in a dose-dependent manner with maximum
value of 412"5 nm compared to control 78"3
.nm with an optimum dose of 5 nM of STa. How-
w 2qxever, no further rise of Ca was found with higheri
doses of STa. Using this optimal dose of STa, the
w 2qxtime course of the changes in Ca was investi-i
gated in COLO 205 cells. At 2 min after addition of
 . w 2qxSTa 5 nM , a sharp rise of Ca was found toi
 .occur Fig. 3 , which remained steady up to 5 min
and thereafter down-regulated. A 5.12-fold rise of
w 2qxCa was found to occur in this manner in COLOi
205 cells compared to control cells 410"4 nm vs.
.80"2 nm .
In the next step, we wanted to determine the role
w 2qx 2qof STa on Ca in the absence of Ca in thei
extracellular environment. Thus, when fura-2 loaded
 6 .cells ;2=10 rml were reacted with 5 nM STa,
 . 2q w 2qxFig. 4. A Effect of Ca -free buffer on the action of STa on Ca in COLO 205 cells. Fura-2 loaded cells were incubated ini
2q  . w 2qxCa -free HBSS for 50 min and subsequently the cells were reacted with STa. B Effect of EGTA on the action of STa on Ca ini
COLO 205 cells. Fura-2 loaded cells were incubated in Ca2q-free HBSS with 5 mM EGTA for 10 min at 378C and subsequently the cells
were reacted with STa.
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Ca2q spikes was found to occur almost immediately
which remained up to 7 min. A 2.5-fold rise of
w 2qxCa was found to occur compared to control cellsi
 .  .140"5 nm vs. 56"2 nm Fig. 4A . Again when
the extracellular Ca2q was chelated with EGTA, STa
w 2qxat similar dose elevated Ca to 2.72-fold thani
 .  .control cells 66"3 nm to 180"4 nm Fig. 4B .
These observations provided evidence that STa could
release Ca2q from intracellular stores. It has been
w xproposed 18 that extracellular ligand causes a sus-
tained increase in the intracellular concentration of
IP that in turn lead to the cyclical mobilization of3
Ca2q from either IP sensitive or insensitive stores.3
Our experimental data showed that dantrolene, an
inhibitor of Ca2q release from the endogenous stores
w 2qx abolished the STa-induced rise in Ca as showni
. w 2qxin Fig. 5 . This data indicate that the rise of Ca i
by STa in COLO 205 cells could be due to efflux
from intracellular stores.
In conclusion, in this communication, we have
shown for the first time the changes in inositol
phosphate levels in cultured COLO 205 human
colonic cells after STa treatment and correlated the
changes of IP with Ca2q mobilization. The results3
shown in this paper provide evidence that IP is a key3
w 2qxmediator for changes in Ca by STa in COLO 205i
cells. As we found that STa not only binds and
 . w 2qxaccumulates cyclic GMP 14 , it also raises Ca i
in COLO 205 human colonic cells unlike to that
w xobserved in other cell lines 19 . This cell line may be
w 2q xFig. 5. Effect of dantrolene on the action of STa on Ca ini
COLO 205 cells. Fura-2 loaded cells were incubated in Ca2q-free
HBSS with 50 mM cantrolene for 10 min at 378C and subse-
quently the cells were reacted with STa.
helpful in studying the mechanism of action of STa
in detail.
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